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Macrophage activation syndrome (MAS) is a potentially lethal complication of systemic inflammatory diseases of childhood, commonest association being with systemic juvenile idiopathic arthritis (sJIA). MAS may occur spontaneously, as a complication of active underlying disease, or may be triggered by an infection, a change in drug therapy, or toxic effect of a medication. The acute and dramatic onset of this entity often mimics a flare of the underlying disease or a severe sepsis \[[@CR1]\]. Adenoviruses are emerging as an important cause of respiratory tract infections and can lead to significant morbidity in the immunocompromised.

A 5-year-old girl, suffering from polycyclic sJIA, presented with fever, poor oral intake, and drowsiness since morning. Her disease dates back to 18 months of age when she was first presented with fever and rash with elevated acute-phase reactants at another center and was initially diagnosed as Kawasaki disease that failed to respond to IVIg. She developed MAS and received pulse methylprednisolone. Subsequently on appearance of chronic arthritis, the diagnosis was revised to sJIA. Over the last 3.5 years she had multiple systemic and articular flares and prior to this admission she was on fortnightly Tocilizumab 12 mg/kg, weekly oral Methotrexate, Leflunomide and 0.3 mg/kg oral Prednisolone daily. She had received Tocilizumab 4 days prior to the present episode.

By evening the parents reported increasing drowsiness, recurrent vomiting, and was advised for hospitalization. On their way to the hospital, she had one episode of generalized seizure lasting for few minutes that subsided spontaneously.

At presentation to the hospital, the child was irritable, pale, febrile (101.1 °F), moderately dehydrated, and hypoglycemic (CBS-27 mg%) with erythematous maculopapular rashes over the trunk. She was tachycardic (180/min sinus), tachypneic (RR-52/min) with subcostal retractions, SpO2 of 87--89% at room air (90--92% with face mask 4 L/min) with crepitations at left base. Abdominal examination revealed soft hepatomegaly with liver span of 9 cm and a just palpable spleen.

Initial labs showed a total white cell count of 2500 cells/mm^3^ with polymorphonuclear cells being 30% and lymphocytes contributing 64% of total count. Hemoglobin was 10.2 g/dL, platelet count was 1.7lac/mm^3^, ESR was 07 mm, CRP was 1.9 mg/dL (cut-off \< 0.5 mg/dL), and procalcitonin was 4.9 ng/dL (cut-off \< 0.5 mg/dL). Liver enzymes were raised (SGOT-175 U/L, SGPT-322 U/L). INR was 1.26. ABG showed metabolic acidosis. Serum ferritin was 11,519 ng/mL, serum triglycerides were 257 mg/dl, serum LDH was 948 U/L, and plasma fibrinogen was 221 mg%.

Chest X-ray showed opacities in left lower zone. DNA PCR from nasopharyngeal swab revealed adenovirus.

Considering the clinical spectrum of fever with acute onset encephalopathy, hepatopathy, and cytopenias with low ESR in the background of sJIA, she was diagnosed as MAS in sJIA \[[@CR2], [@CR3]\] precipitated by an adenoviral infection and initiated on pulse methylprednisolone of 6 mg/kg/day along with broad spectrum antibiotics and other supportive measures. However, even after adequate fluid boluses and 2 doses of methylprednisolone, she remained acidotic (metabolic), drowsy with increasing work of breathing and increasing oxygen requirements. Repeat investigations after 24 h showed falling platelets 76,000/mm3, falling hemoglobin 7.9 g%, and rising ferritin 61,134 ng/mL with worsening chest X-ray (Fig. [1](#Fig1){ref-type="fig"}). Hence, a decision was taken to initiate Cidofovir with intensified immunosuppression (IV methylprednisolone pulse 30 mg/kg plus oral cyclosporine 4 mg/kg/day). Cidofovir was started at 1 mg/kg on alternate day, considering its nephrotoxic potential and concurrent use of cyclosporine. Within 48 h of the intensified treatment, the child was afebrile, with improved consciousness and decreasing oxygen requirement. Labs also improved, total count increased to 7200/mm3 with decreased transaminases, and ferritin drastically came down to 9034 ng/mL, but platelet was 57,000/mm3. After 3 pulses of 30 mg/kg, IV methylprednisolone was reduced to 6 mg/kg/dose for 2 days and on day 7 switched over to oral prednisolone (2 mg/kg/day). Her chest X-ray showed resolution of the pneumonia by day 7 (Fig. [2](#Fig2){ref-type="fig"}). However, considering the concurrent immunosuppression and the slow progressive potential of adenovirus, she was administered Cidofovir for 3 weeks with regular monitoring of renal functions.Fig. 1Chest X-ray showing worsening bilateral pneumoniaFig. 2Chest X-ray prior to discharge

At discharge, she had hemoglobin 11.2 g%, TLC 9000/mm3, platelet 2.5lac/mm3, and ferritin 2069 ng/mL. She remains well 6 months after follow-up.
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Adenoviruses are a family of DNA viruses known to cause febrile illnesses in young children. Though mostly self-limiting, they can be fatal in the immunocompromised and occasionally in healthy individuals. Viral culture remains the gold standard for diagnosis, but polymerase chain reaction based assays are highly sensitive and specific providing a rapid diagnosis. Multiplex PCR assays for detecting multiple respiratory pathogens using nasopharyngeal secretions provide rapid diagnosis especially in hospitalized children for suspected pneumonia. Since detection of specific viruses by this method may represent colonization or shedding rather than infection, results need to be interpreted in the context of the clinical setting. Considering the clinical presentation of a febrile lower respiratory tract infection with worsening X-rays and adenovirus on nasopharyngeal swab, the child was diagnosed as adenoviral pneumonia.

Our patient had MAS at diagnosis of sJIA at the age of 18 months. Subsequently, she had multiple systemic and articular flares requiring polytherapy. However, the joints continued to remain partially resistant to all therapy with intermittent relapses. After her last dose of Tocilizumab 12 mg/kg at 4 days back, she had fever and vomiting for 1 day, and the parents reported increasing drowsiness which progressed to seizures. On admission, MAS was diagnosed on the basis of her clinical and biochemical parameters.

MAS is a potentially lethal complication of systemic inflammatory diseases of childhood, commonest association being with SJIA. The clinical features include unremittent fever, pancytopenia, hepatosplenomegaly, CNS symptoms, elevated liver enzymes, high ferritin, and low ESR. The pathogenesis is related to uncontrolled activation and proliferation of CD8 T lymphocytes and macrophages and this leads to over production of various cytokines resulting in a "cytokine storm" which is responsible for the varying manifestations.

It has been estimated that the prevalence of MAS among patients with sJIA is around 10%, but current data from Behrens et al. and Blessing et al. suggest that subclinical MAS may occur even in 30--40% of patients with sJIA \[[@CR4], [@CR5]\].

Davi et al. \[[@CR6]\] in their randomized multi-centric study of 362 patients with sJIA-associated MAS found that MAS was present in 22% cases of sJIA at onset. Significant features of MAS included fever (96%, often persistent rather than quotidian patterns), hepatomegaly (70%), splenomegaly (58%), and lymphadenopathy (51%). Central nervous system dysfunction ranging from seizures, lethargy, irritability, confusion, headache, and coma occurred in 35%. Twenty-six percent of patients had cardiac involvement with pericardial involvement being the most common. Pulmonary involvement with pleural effusions occurred in 22% of patients. Bleeding manifestations ranged from petechiae, purpura, mucosal, or gastrointestinal bleeding in 20% and disseminated intravascular coagulation in 1%. Renal involvement ranging from renal failure, hematuria, and proteinuria was seen in 15%. It is prudent to note that MAS was present in almost 40% of patients who did not demonstrate tissue hemophagocytosis. Laboratory features of MAS include a drop in ESR, WBC, platelet counts, and fibrinogen levels with extremely elevated ferritin levels, elevated CRP and liver enzymes, lactate dehydrogenase, triglycerides, D-dimer, and prolonged prothrombin time and partial thromboplastin time. Soluble IL-2 receptor and soluble CD163 are also elevated in active MAS \[[@CR7]\]. The low CRP of the patient at admission in the setting of a MAS was attributed to the recent Tocilizumab administration \[[@CR8]\], rise in CRP being IL6 mediated.

The child was initiated on 6 mg/kg pulse methylprednisolone but continued to deteriorate even after 2 doses with increasing respiratory distress along with worsening of X-ray and laboratory parameters. Thus, a decision was made to increase immunosuppression, with concurrent administration of the antiviral Cidofovir to counter the possible expected viremic flare.

Cidofovir (CDV) was the first nucleotide analogue approved by the FDA for clinical use in 1996 for treating cytomegalovirus retinitis in AIDS patients. It shows in vitro activity against a number of DNA viruses including adenovirus, herpes, pox, polyoma, and papilloma viruses. Though rigorously used clinically in AIDS patients for CMV retinitis treatment, it was subsequently found to be more active than other antivirals for treating adenoviral infections and has been used for treatment of invasive adenoviral infections in immune-compromised patients. However, published data on the efficacy of CDV for adenovirus infection are limited to case reports and small nonrandomized series \[[@CR9], [@CR10]\]. In hematopoietic stem cell and lung transplant recipients, early administration of CDV has been associated with decreased viral load, clinical improvement, and increased survival \[[@CR10]--[@CR13]\]. Ganapathi et al. \[[@CR14]\] in their study in 2016 showed that CDV was associated with decreased viral response and clinical improvement in the majority of patients.

Dose-dependent nephrotoxicity remains a serious concern with use of Cidofovir and is contraindicated in patients with significant proteinuria and a baseline creatinine of more than 1.5 mg/dL. However, using 1 mg/kg every alternate day with hydration and concurrent use of probenecid has been shown to reduce renal toxicity \[[@CR15]\]. Considering the concurrent usage with cyclosporine, we used the thrice weekly regimen along with probenecid with strict monitoring of renal functions.

With 30 mg/kg pulse methylprednisolone plus oral cyclosporine and Cidofovir, the child showed steady improvement. The optimum duration of Cidofovir therapy is not standardized but has to be individualized depending on therapeutic response. Since our patient was on long-term immunosuppressives and was planned discharge on oral Prednisolone and cyclosporine, we decided to administer Cidofovir for a total of 3 weeks duration.

Infection remains an important precipitant of MAS and the cytokine storm syndrome, the COVID-19 current pandemic being a classical example \[[@CR16]--[@CR18]\]. Adenovirus is also emerging as an important respiratory pathogen that can lead to serious morbidity in immune competent and mortality in the immunocompromised. Early identification of the pathogen and timely initiation of Cidofovir in select individuals have been shown to improve consequences, though currently use of the drug is limited to hemato-oncologists in transplant patients. To the best of our knowledge, this is the first reported usage of Cidofovir as an antiviral in MAS induced by an adenoviral infection.
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